Infertility affects 15-20% of the reproductive age range population; the male factor accounts for up to 40-60% of these. With female factor infertility catching most of the limelight in research, diagnosis and treatment, the other half of the problem has not been duly addressed. Imaging has an important role to play in the evaluation of male infertility, especially to identify correctible (obstructive) causes. We review the scrotal, trans-rectal sonographic and Doppler findings in infertile men to aid in the accurate diagnosis and proper management of such patients.
Introduction
Infertility is a relatively common problem affecting about 15-20% of reproductive-aged couples [1] . Historically, the cause of infertility was erroneously attributed to the female partner, while the male factor, which is either primary or a contributory factor in as many as 40-60% of cases, has largely been ignored [2] . Thus, it is important to evaluate men concurrently with women.
There are several investigations that can be used to evaluate infertile men with azoospermia, such as semen analysis, biochemical markers in semen, hormonal essays, testicular biopsy, vasography and cross-sectional imaging like sonography/MRI [3] . Though trans-rectal ultrasound (TRUS) has been used to assess the distal tract, scrotal ultrasound is only sparingly utilized and that to primarily to address the presence/absence of varicocele. However, scrotal sonography has much more to offer in the evaluation of infertile men, and in combination with TRUS can image almost the entire genital tract, help in the differentiation of obstructive from non-obstructive causes and identify the level of obstruction, all of which have positive treatment implications.
This pictorial essay is an attempt to familiarize practicing radiologists with the spectrum of findings in infertile men on scrotal and trans-rectal sonograms, thus enhancing their knowledge and skills in evaluating this group of patients.
3
The etiologies for oligo-spermia or azoospermia broadly fall into three categories: pre-testicular, testicular and post-testicular. The pre-testicular causes of azoospermia include endocrine abnormalities that adversely affect spermatogenesis, leading to secondary testicular failure. The testicular causes (primary testicular failure) involve disorders of spermatogenesis intrinsic to the testes. Post-testicular causes of azoospermia, such as ejaculatory dysfunction or the obstruction of sperm delivery, are found in approximately 40% of patients [5] .
From a management perspective, the causes of male infertility can be broadly subdivided into obstructive causes (OC) and non-obstructive causes (NOC) [6] . The obstructive abnormalities that cause azoospermia are frequently amenable to surgical intervention, which can restore normal reproduction. In contrast, in most NOC, the damage is generally irreversible, with the exceptions of impaired spermatogenesis associated with varicocele and some endocrine abnormalities. Assisted reproductive techniques remain the only option in these cases. Table 1 provides a list of important causes of male infertility.
Evaluation of infertile men
Routine initial screening for male infertility involves semen analysis, repeated at a 4-6-week interval. The evaluation of the infertile man begins with a detailed clinical history and physical examination, followed by an array of laboratory investigations to identify possible correctable causes. Laboratory tests routinely include LH, FSH and testosterone levels. Hormonal levels can help narrow down the differential and plan further management strategies ( Table 2) .
Role of imaging
The main role of imaging is to identify the cause of infertility and help categorize it into OC or NOC [7] . Besides being of diagnostic use, imaging is also used to guide methods for assisted reproduction, like sperm aspiration from the epididymis or seminiferous tubules for in vitro fertilization or intra-cytoplasmic sperm injection [8] . The imaging modalities routinely used to evaluate the male reproductive system include ultrasonography (US) and magnetic resonance (MR) imaging, as well as invasive techniques such as venography and vasography
Sonography
Scrotal ultrasound (US), being noninvasive, safe and inexpensive, is the first-line modality in male infertility evaluation [9] . Scrotal US is performed using a high-frequency linear array transducer with the patient in a supine position. Routine evaluation includes transverse and longitudinal sonograms of the testis, testicular volume measurement and color flow Doppler US of testis/spermatic cord. Scrotal US can directly demonstrate abnormalities of the testis and peri-testicular structures, while also helping to visualize changes secondary to distal genital duct obstruction.
Normal adult testes are oval-shaped, homogenous, lowlevel echogenic structures and measure approximately 3 cm (AP) × 2-4 cm (TR) × 3-5 cm (length), with a volume of 12.5-19 cc [10] (Fig. 1) . A testicle is surrounded by a thin echogenic fibrous band, which represents the visceral component of the tunica vaginalis and the tunica albuginea. In the absence of intra-scrotal fluid, the tunica is usually visualized only at its hilum as an echogenic structure, where it invaginates into the testis to form the mediastinum testis, which also contains a network of tubules called rete testis for sperm transfer.
Trans-rectal ultrasound (TRUS) enables high-resolution imaging of the distal genital tract, including distal vas deferens, seminal vesicles, prostate and ejaculatory ducts [11] . This examination is performed with patient 
Magnetic resonance imaging (MRI)
MR imaging is superior to trans-rectal US for evaluating the distal genital tract and can serve as an alternative to traditional invasive vasography [13, 14] . With superior soft tissue contrast and multi-planar capabilities, MR imaging can help demonstrate the pathophysiologic features of the reproductive tract, including the prostate, seminal vesicles and ejaculatory ducts. MRI has a great role to play in male infertility evaluation and has practically replaced vasography for the evaluation of the distal genital tract, owing to the high-quality and multi-planar images that it can produce.
Computed tomography
Computed tomography (CT) has limited soft tissue resolution and is used infrequently to evaluate infertility. However, CT can be useful for evaluating obstructing calcifications and stones along the reproductive tract [15] .
Vasography
This procedure requires either blind or ultrasound-guided puncture of the vas deferens and retrograde contrast injection with filling of the ducts and free spill into the bladder, confirming patency [16] . Once considered the reference standard for evaluating the male reproductive system, it is now used much less frequently because of its invasive nature, associated complications [17] and the widespread acceptance of safer modalities such as ultrasound, TRUS and MRI.
Obstructive infertility
Obstruction can occur anywhere along the ductal system in the epididymis, vas deferens, seminal vesicles, ejaculatory ducts and urethra. Sonography can aid in identifying the cause and level of obstruction. This information helps in planning the surgical treatment, as epididymal obstruction can be treated by microsurgery, like vaso-epididymostomy, and vas obstruction with vaso-vasostomy, which has reported post-procedure pregnancy rates of 20-40% [18] . Distal tract obstructions can be treated under sonographic guidance, e.g., TRUS-guided transurethral resection of the ejaculatory duct (TRU-ED) and prostatic cyst aspiration [19] 
Sonography findings in obstructive infertility
Obstruction along the genital tract results in the retention of secretions leading to macroscopic changes proximal to the site of obstruction. These changes are "secondary signs of obstruction" that can be detected on sonography. Sonographic findings of ectasia of rete testis, dilation of epididymal ductules (seen as linear hypo/anechoic channels) and intra-testicular cysts clearly indicate an obstructive cause (Fig. 3) . The severity of these appearances may vary depending upon the level, duration and severity of the obstruction. Such appearances might be confused with findings in intratesticular varicocele, which can be differentiated from the former with the use of Doppler imaging. In addition, testicular volume is higher in obstructive azoospermia, reported as 11.6 ml (range 7.7-25.8 ml) in OC versus 8.3 ml (range 1.2-16.4 mL) in NOC by Moon et al. [20] . A similar observation was made in our study, with a significant difference in testicular volumes in patients with obstructive (mean volume 18.2 ml) and non-obstructive (mean volume 8.2 ml) causes of infertility. Epididymis was also found to be bulky in patients with obstructive azoospermia, having a mean size of 10 versus 7.9 mm in those non-obstructive causes. Besides gray-scale imaging, color Doppler evaluation usually reveals the presence of normal/comparable vascularity in the obstructive group and normal controls versus reduced vascularity in the non-obstructive group [21] .
Epididymal obstruction
The causes of epididymal obstruction include idiopathic obstruction, infection, iatrogenic injury and epididymal cysts.
Infection along the male genital tract is quite common, particularly in developing countries. Acute gonorrhea and sub-acute/chronic chlamydial or granulomatous infections like tuberculosis can lead to scarring and subsequent obstruction. In addition to the secondary signs of obstruction described earlier, sonography usually reveals a bulky epididymis with heterogeneous echotexture and/ or epididymal calcifications. In fact, a bulky epididymal tail with calcification is highly suggestive of tubercular etiology (Fig. 4) .
Epididymal cysts are common and can be simple cysts seen as anechoic lesions containing clear fluid or spermatoceles containing fine internal echoes (Fig. 5) . Isolated cysts are a common finding in healthy young men, but a multiplicity of such lesions should prompt further evaluation, as spermatoceles are commonly found in the obstructive group. 
Vas deferens obstruction
Congenital absence of vas deference (CAVD) is the most common congenital abnormality causing obstructive azoospermia and is seen in 2% of patients under investigation for infertility [22, 23] . Up to 82% of patients with CBAVD have at least one mutation within the cystic fibrosis gene. Therefore, patients with CBAVD must be considered for cystic fibrosis screening and genetic counseling prior to sperm retrieval/intra-cytoplasmic sperm injection treatment [24] .
Sonography reveals signs of obstruction, viz. rete testis ectasia, bulky epididymis and tubular ectasia. In addition, an abrupt termination of an epididymal tail into a rudimentary echogenic cord-like structure may be seen (Fig. 6) . Absence of the ampulla of the vas deferens [25] and abnormalities of the seminal vesicle (hypoplasia/agenesis) and ejaculatory duct are associated with this anomaly and can be detected on TRUS [26, 27] .
Vasectomy is another iatrogenic cause of vas deferens obstruction. Sonography in these patients reveals bilaterally bulky epididymis with a finely speckled appearance, representing multiple interfaces between the ectatic epididymal tubule wall and fluid [28] . Dilated rete testis and intra-testicular cysts are also frequent in long-standing obstruction (Fig. 7) .
Ejaculatory duct obstruction
Though an uncommon cause of infertility, with an incidence of less than 1% in infertile men, it remains an important correctible cause that can be diagnosed on TRUS [29] .
In distal obstruction, TRUS often reveals dilatation of the proximal ejaculatory duct, distal vas and/or bulky seminal vesicles, often with multiple cysts. A seminal vesicle with an antero-posterior diameter greater than 15 mm and vas deference diameter greater than 5 mm at the level of the seminal vesicle is considered abnormal [30] (Fig. 8) . Ejaculatory duct obstruction can be caused by ejaculatory duct calculi, which occur most frequently in the ampullary region. TRUS in such cases reveals echogenic foci with distal shadowing along the course of ED on the oblique sagittal planes (Fig. 9) .
Prostatic lesions, such as prostatic utricles or Mullerian cysts, are visualized as midline anechoic cysts showing no communication with the urethra. It can be difficult to distinguish them from each other on TRUS alone; however, these can sometimes cause infertility by ED compression. TRUS in these patients can demonstrate dilated ED/ VD and bulky SV, along with the prostatic cyst. Chronic prostatic abscesses can also cause ED obstruction in a similar manner, with the additional effect of inflammation on ED (Fig. 10) .
Non-obstructive infertility
Non-obstructive infertility results from defective sperm production or function. Though the exact cause cannot be determined in most of these cases, further laboratory investigations can be utilized for the same, e.g., endocrine evaluation, anti-sperm antibodies detection, etc.
Sonography findings in non-obstructive infertility
Common findings on sonography that indicate non-obstructive etiology include either normal-or small-sized testis, heterogeneous testicular echotexture, micro-calcifications and decreased vascularity on Doppler studies (Fig. 11) .
Varicocele, defined as dilatation of the venous pampiniform plexus, occurs secondary to retrograde flow via the spermatic vein due to incompetent or absent valves [31] . It is the most common correctable and non-obstructive cause of male infertility. Varicoceles are a common finding in approximately 20% of adolescents and adult men and is found in about 40% of patients presenting with infertility [32] .
Physical examination is still the standard diagnostic method for varicoceles, but it is usually difficult to estimate the existence of a varicocele with physical examinations alone. Some varicoceles are impalpable and asymptomatic, and thus can only be diagnosed with sonography, owing to thick scrotal skin and a strong cremasteric reflex [33] . Significant evidence suggests that varicoceles have a harmful effect on the testis and that varicocelectomy can not only prevent but also reverse decline in testicular function and also reverse damage [34, 35] .
Varicoceles are best imaged using gray-scale sonography supplemented with color Doppler sonography. In a series of 217 men with clinical and subclinical varicoceles, a venous diameter of > 2.95 mm during Valsalva was associated with sensitivity and specificity of 84% each for clinical varicocele [36] . Besides mean maximum venous diameter, changes in diameter on rest and Valsalva and demonstration of venous , d) ; dilated tubules in epididymal body and abrupt decrease in size with transformation into thin cord-like structure; e bilateral hypo-plastic seminal vesicle with non-visualization of distal vas reflux are also used for the diagnosis. On sonograms, varicoceles are usually seen as serpiginous anechoic channels in a peri-testicular location having a diameter of more than 3 mm, which increase in size and show the presence of venous reflux on Doppler during the Valsalva maneuver (Fig. 12) .
Cryptorchidism refers to the absence of a testis (or testes) in the scrotal sac. It may refer to an undescended, ectopic, atrophic or absent testis. The failure of descent of the testis into the cooler environment of the scrotal sac is thought to impair spermatogenesis and predispose a patient to infertility and malignancy [37] . Even after its detection and subsequent orchidopexy, men may be sub-fertile.
Ultrasound is the first imaging modality used. US has 45% sensitivity, 78% specificity and 88% accuracy for the localization of an undescended testis and is more accurate than clinical examination [38] . The most common location of an undescended testis is the inguinal canal; however, it may also be found in an intra-abdominal, pelvic or retroperitoneal location.
An undescended testis appears as a homogeneously hypoechoic ovoid structure with reduced volume and vascularity lying outside the scrotal sac (Fig. 13) . MRI is the best Fig. 7 A diffusely bulky epididymis with a fine speckled appearance due to ectatic tubules in a patient previous vasectomy cross-sectional modality to assess cryptorchidism, especially in cases where a testis is located intra-abdominally and remains undetected by sonography.
Testicular atrophy presenting as reduced testicular volume has been associated with oligo/azoospermia in infertile men (Fig. 11) [39] . Causes of reduced testicular volume include endocrinopathies (pituitary adenomas, syndrome, etc.), primary testicular failure, steroid abuse, or chromosomal disorders like Klinefelter's syndrome. On sonography, an altered testicular echotexture and high resistive index of intra-testicular vessels are frequent findings in these patients with atrophic testis. Epididymis is usually normal in contrast to that in patients with OC. Epididymo-orchitis Despite the absence of conclusive epidemiological data, infections and inflammations of the genital tract are considered the most frequent causes of reduced male fertility [29] . Chronic inflammatory conditions of the testis adversely affect spermatogenesis and irreversibly alter both the number and quality of sperm [40] .
Gray-scale ultrasound findings of epididymo-orchitis include enlarged testis and heterogeneous echotexture associated with an enlarged hetero-echoic epididymis. In acute cases, color Doppler ultrasound shows increased blood flow in both testes and epididymis. Chronic cases reveal testes with altered echotexture, reduced volume and poor vascularity.
Other causes and associations
Microlithiasis is an uncommon condition in which calcifications form in the seminiferous tubules. These calcifications are seen as echogenic foci without shadowing, usually less than 3 mm. Microlithiasis has been associated with several conditions, such as Klinefelter's syndrome, cryptorchidism, varicocele, testicular atrophy, torsion, tumors and infertility [41] . The mechanism by which microlithiasis affects spermatogenesis remains unknown (Fig. 14) .
Dysplastic or hypo-plastic seminal vesicles are common urogenital malformations that can cause reduced fertility. Decreased secretions from hypo-plastic seminal vesicles alter the chemical composition of semen, thus hampering successful fertilization. Though such malformations are best depicted on MRI/Uro-CT, TRUS can demonstrate the morphology of seminal vesicles as well and a size of less than 7 mm is taken as hypo-plastic [42] (Fig. 15) .
Hydroceles are acquired or congenital serous fluid collection between the layers of the tunica vaginalis surrounding a testis or spermatic cord. On sonography, they are visualized as anechoic fluid collection surrounding the testis with occasional fine internal echoes. There is an increased prevalence of hydroceles in infertile men compared with their fertile counterparts, though its effects on fertility are not well established [43] . 
Role of Doppler imaging
Analysis of the spectral pattern of testicular and intra-testicular arteries can also help differentiate obstructive from non-obstructive infertility, with the latter showing increased resistance to blood flow (Fig. 16 ). An increased intra-testicular resistive index, as measured by color Doppler ultrasound, indicated abnormal testicular hemodynamics and thus suggests abnormal spermatogenesis or non-obstructive cause of infertility [44] [45] [46] .
Conclusion
Thorough evaluation of infertile men is essential to identify potentially treatable causes of infertility and to guide therapy. With the use of sonography, advances in knowledge and timely detection of changes associated with various causes of infertility, categorization into obstructive/non-obstructive etiologies based on imaging appearances is now possible. Comprehensive evaluation with scrotal sonography, TRUS and Doppler can help us evaluate the nature and level of an obstruction. Thus, relevant corrective measures, such as vaso-epididymostomy or imaging-guided therapeutic intervention, for patients with obstructive causes of infertility and assisted reproductive techniques for those with non-obstructive causes might be offered to resolve problems. Hence, comprehensive sonographic evaluation should be routinely included in the evaluation of infertile men for timely diagnosis and management.
